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= Metrics
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Exposure Modeling Conce
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Exposure Modeling Concepts
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= EXposure Modeling Concepts

s Scale of interest consistent with model

I
..'tnuril i
= it . T '7 3
Ly National,

. State,
County




Exposure Modeling Concepts

= Complexity of model consistent with type of
assessment

= Screening level - identify pollutants with potential
for high exposures

= Detailed exposure assessment for a pollutant >
more accurately assess exposure levels

» Additional data requirements as complexity of
model increases



Exposure Modeling Concepts

= Exposure/dose metric consistent with health
effect of concern
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Exposure Modeling Methods

= Statistical models

= Developed using empirical data from personal monitoring studies
= Example: Regression equations that explain measured exposures

= Deterministic models

= Based on known or assumed physical relationships
= Example: Air quality models

= Stochastic models
= Input data are distributions, not single value ' N

= Input distributions characterize
variability/uncertainty in the data

= Use Monte Carlo or other random sampling techniques
= Produces output distributions (variability/uncertainty)




Exposure Modeling Methods

= EPA Exposure Models

= Use similar methods:

= Population distribution of exposures estimated using
stochastic modeling

= Microenvironmental modeling approach
= Time series approach - Human activity patterns

» Inhalation pathway primary focus

=« Multipathway pollutants require additional
complexity
= Models available for different objectives:
= Screening-level assessment - Detailed assessment




Exposure Modeling Methods

= Population exposures

= US Census data used to generate simulation population

that demographically represents population of interest

18 Kilometers

« Age

« Gender
= Race

= Employment status
= Simulate exposure for

individuals - combine

for estimates of

population distribution

O PM2.5 sites (Harvard MAACS)
Counties

D Model Area



Exposure Modeling Methods

= Microenvironmental approach (inhalation)

= Total exposure (£) is the time-weighted sum of

exposures from all the different microenvironments in
which a person spends time:

-Tesgl g

where:

E; = exposure while in microenvironment ;j

C; = average concentration in microenvironment ;

{; = time spent in microenvironment j
[ = the sum of £ over all ;



Exposure Modeling Methods

= [ime-series approach

= exposures estimated sequentially through time as
individuals encounter various microenvironmental

concentrations
= allows for time-varying exposure/dose profile of
individual 50
45 4| ——Ambient "

¢ Home

= Car

35 1 Office

© Outdoors
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Exposure Modeling Methods

= Human activity data from

EPA’s Consolidated Human

Activity Database (CHAD)

Compilation of several
human activity surveys
Participant’s demographic
data (age, race, gender)
Diary data in standardized
format (24-hours, 1 minute
to 1 hour)

114 location and 144
activity codes

Most surveys single 24-hour
diary for participant

ID

NHAO001
NHAO007
MIC...

ID

Time
NHAO001 0600
NHAO001 0630
NHAO001 0642

Race

Oth...

CHAD_DIARY
Location Activity ...
Bedroom Sleep

Bathroom Shower ...
Car...

NHAPS-A| (NHAPS-B
Cincinnati] L4723 (4663) | [uMichigan
(2614) (5616)
| |
CARB-88 Wash-DC
(1762) CHAD (699)
(22,968) -
CARB-90 Baltimore
(1200) (391)
| |
Denver Valdez
(805) LA-Elem | | LA-HS (401)
(51) (43)
CHAD DATA

Gender
Caucasian Male
Hispanic  Female
Ma...

Drive... ...



Exposure Modeling Methods

= Longitudinal activity diary constructed for each
simulated individual
= Diaries from different people grouped by similar
characteristics (age, gender, employed, etc.)

= Approach impacts intra- and inter-individual variability
=« Same activity diary every day
« Different activity diary every day
= Combination: same diary every weekday during a season

Winter Winter Spring Spring | Summer | Summer Fall Fall
Weekday | Weekend | Weekday | Weekend | Weekday | Weekend | Weekday | Weekend

YV Vv YYYYY Vv YYYYY Vv YYYVYY Vv

Day of Year




,L Exposure Modeling Methods

Factors | ActivityPattem | _ CHAD's Role
v
Activities in_ Micro_environment <Microactivi ties>
(time series)
v v v
Body > MET_S Estil_nates Dermal Uptake
Parameters (time jerles) [ —

Energy Expenditure
v

< Canrlc Intake (Oxygen Consumptlon < L|qU|d Intake >

Food Ingest|on Inhalatlon Liquid Ingestlon
quantity breathing rate quantity
concentration concentratlon concentration

Addltlonal Data: Measurement or Modeled




Exposure Pathway: Inhalation

Outdoor Sources Indoor Sources
Industrial Cooking
Commercial Combustion
Urban Hobbies
Mobile Heating
Regional Consumer Products
Agricultural Building Materials
Natural Indoor Activities
Outdoor \ Indoor
Concentrations Infiltration Concentrations
J— Time-Activity Data

Qersonal Exposure/ DOSD




Exposure Pathways: Inhalation

= Microenvironmental concentrations
= Indoor/outdoor ratio
= Indoor/outdoor regression equation

° 4}.
£ 5 -
| = $ »

= Mass balance equation

Air exchange rate

\ (ach)

Penetration rate

(P)

Emission rate (E)

Deposition rate (k)



Exposure Pathways: Multimedia

!

Inhalation Absorbed Dose

v

Ingestion Absorbed Dose

!

Inhalation Dietary Ingestion Dermal Non-Dietary Ingestion
Indoor Indoor Breakfast Indoor Outdoor Indoor Outdoor
Residential School/Care mass food Home/Other Turf Home/Other Turf
concentration concentration residues
intake rate intake rate
Lunch Dinner l L
mass food mass food
residues residues Surface Residue Soil and Dust
Indoor loading, transfer, adherence, concentration,
Outdoor . contact frequency, sequence contact frequency, amount
e Other. Snacks Drink H,O 2 d
intake rate concentration mass food volume
intake rate residues residues
\ 4 \ 4 \ 4 \ 4
Absorption Absorption Absorption Absorption
Fraction Fraction and Rate Rate Constant Fraction and Rate

Dermal Absorbed Dose

v

N-D Ing. Absorbed Dose

v

Aggregate Absorbed Dose

v

Aggregate Eliminated Dose




Overview of Exposure Models

= Simple
= HEM 2000 (Inhalation with no activity patterns)
= HAPEM4 (Inhalation with activity patterns)
« IEM/MPE (Multipathway tool)

= Complex

= APEX (Inhalation with activity patterns)

= TRIM.Expo
= Inhalation, Ingestion

= SHEDS

= Inhalation, Ingestion, Dermal



Exposure Models: HEM 2000

= Human Exposure Model 2000 (HEM 2000)

Combines a dispersion model (ISC) with 2000 census
data to predict population exposure

Does NOT account for human activity pattern

Assumes everyone lives at census block centroid for
entire exposure period

Currently used in Residual Risk assessments as a
screening tool



i Exposure Models: HAPEM4

= Hazardous Air Pollutant Exposure Model Version 4
(HAPEM4)

= Census tract resolution; cohort activity data from
CHAD:; pollutant specific ME factors; can also vary
factors by source sector; includes background air
quality; adult commuting feature; runs on PC or
workstation; documentation available

= ME factor approach for indoor penetration of outdoor
pollutants with additive indoor source term (ADD)

= Best suited for large scale exposures (national)
= Chronic exposures




Exposure Models: HAPEM4

= Model and detailed ME report at:
http://www.epa.gov/ttn/atw/nata/natsa3.html

» Detailed Case Study
= Requested by SAB in NATA review
= Run HAPEM4 for a small area in Houston
500 meter AQ resolution in central city
88 census tracts (2-71 AQ values per tract)
Sensitivity Simulations (approx 10 runs)
“Tweak” a selected parameter each run
ME (prox,pen), activity, AQ, ADD
= Benzene and Chromium - report late 2003




Exposure Models: APEX

.

= Air Pollutant Exposure Model (APEX)

Models both criteria pollutants and air toxics at urban
scale

Acute to chronic exposures

Microenvironment selection, selection of time period,
Ambient monitor data or values from dispersion model
Models individuals (instead of cohorts)

Sub-census tract resolution; accepts point estimates or
distributions for most inputs; includes temperature
variation in study area; build lifetime exposure profile

Mass balance or ME factor based approach
Programmers and users guide; runs on PC



Exposure Models: TRIM

= Total Risk Exposure Model Component
(TRIM.Expo)

= TRIM.Expo Inhalation Component (FY03)
= incorporates features of APEX and HAPEM4 models

=« TRIM.Expo Ingestion Component (Late FY03)

= developing algorithms from existing ingestion exposure models

= creation and testing of linkages between TRIM.FaTE and the
TRIM inhalation exposure module (FY03 - FY04)

= peer review (as appropriate) (FY04)

= Graphical user interface (FY03)
= java based to run on PC, Workstation, via Internet



Exposure Models: HAPEMS

= Hazardous Air Pollutant Exposure Model V5
(HAPEM5) - Late 2003

« Improvements to HAPEM4 based on SAB comments:
= include ME factor distributions

improved treatment of longitudinal activity patterns

developing data for indoor air component (ADD)

Modify for 2000 Census

Children commuting algorithms

Comparison with personal monitoring




Exposure Models: SHEDS

= Stochastic Human Exposure and Dose Simulation
(SHEDS)

= Incorporates both variability and uncertainty in
predicted exposure distribution using 2-stage Monte
Carlo sampling technique

= Approach used for particulate matter (PM, ) and for
pesticides (chlorpyrifos)

= Currently developing SHEDS for air toxics that combines
features from SHEDS-PM and SHEDS-Pesticides




Exposure Models: SHEDS

Variability Uncertainty
= temporal, spatial, or inter- =« measure of the
individual differences in incompleteness of
the value of an input knowledge/information

\

s

Exposure or Dose Exposure or Dose

h Uncertainty about exposure
or dose for given percentile
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Y
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,L Exposure Models: SHEDS

= SHEDS-Air Toxics (ATOX)

= Strategy for model development
= Focus on mobile source air toxics initially (benzene)
= Followed by multimedia pollutants (arsenic)
= Consider indoor sources (aldehydes)

« Initiating development with benzene case study

= Prototype version 1.0 to be completed by FY03
= Aggregate (multipathway, multimedia) exposure model
= Longitudinal and cross-sectional options




SHEDS-ATOX: Benzene

= Focus on developing/improving algorithms to estimate
exposure to mobile source air toxics

= Review of current studies to gather data for critical exposure
microenvironments and influential factors
= Commuting Algorithm

= provides probabilities for work census tract, home census tract and
“other” census tract locations.

= national commuting flow database developed for HAPEM and APEX3
is utilized
based on 1994 commuting flow database
mapped onto census tracts for Census 2000

= Establish Consistencies

= initiate a correlation between CHAD diary travel time and census tract
distance in commute

= consider workers, students, and other classification in longitudinal
diary construction



SHEDS-ATOX: Benzene

= In-vehicle exposures
= time-specific local exposures estimated

based on time modified (TOD, DOW, MOY) roadway traffic
densities (AADT) and hourly ambient concentrations.

= Refueling exposure
= Seasonal and fuel-type component
= to consider travel time for individual frequency interval

= Garages

= both in-garage exposure and infiltration into house (attached
garages)




Exposure Models: Comparison

Spatial | Time Activity
Scale Scale |Pathway | Data Used Inputs
HEM Local to Lifetime | Inhalation | No ISC conc.,
source (chronic) Census
HAPEM | National - | One year |Inhalation | Yes (cohorts) | Census, ME
Urban (chronic) factor
APEX/ |Urban One year | Inhalation/ | Yes Census, Point -
TRIM (acute and | Inhalation, | (individuals) | Distributions
chronic) Ingestion (variability)
SHEDS |Urban One year |Inhalation, |Yes Census, Point -
(acute and | Ingestion, | (individuals) | Distributions
chronic) Dermal (variability,

uncertainty)




Modeling Tools:
TTN FERA Website

= http://www.epa.gov/ttn/fera/

PA Office of Air Quality Planning & Standards - FERA [Fate. Exposure. and Risk Analysis] - Hetscape
. File Edt Yiew Go Bookmarks Tools Window Help

@Q @Q @ G 'Q hittp: /A, epa. govdtindferad | [@k Search ] c:gc @

U.S. Environmental Protection Agency =
Technology Transfer Network
FERA (Fate, Exposure, and Risk Analysis)
Recent Additions | Contact Us | Print “ersion Search: E.'I
EP& Home = Air & Radistion = TTRWeb - Technology Transfer Metwark = FERA (Fate, Exposure, and Risk Analysis) =
FERA Home
The tools found on this wehbsite, which include EPA's Total Risk Integrated Methodology, will assist
Total Risk Intearated with the Environmental Protection Agency's efforts to evaluate the health risks and environmental
Methodology f-I"RIM] effects associated with exposure to "criteria” (six common air pollutants including ozone and particles)
- General Information and taxic air pollutants. ]
Multimedia Fate 8
Transport Modeling
- General Information Total Risk Integrated Methodology (TRIM) Multimedia Fate & Transport Modeling
Human Exposure )
Modeling & General Information & General
- General Information « TRIM.FaTE « TRIM.FaTE
. « TRIM.Expo * Links to Other Maodels & Related
Risk ) + TRIM.Rizk Information
- General Information * Peer Review and Publications
Fate, Exposure & Risk
Models Download
Human Exposure Modeling Risk
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Modeling Tools:
CHAD Website

= http://www.epa.gov/chadnetl/

EPA: Conzolidated Human Activities Databasze - Hetscape

. File Edt “iew Go Bookmarks Tools Window Help

@Q Q @ Q Q http:.-’.f'www.epa.gl:-\-'.-"chadnet'l.-" | [@g Search ] dga @

U.S. Environmental Protection Agency =
Consolidated Human Activities Database

Eecent Additions | Contact Us | Print “ersion
EPA Home = ORD = MEREL = HEASD = CHAD

CHAD Home

About CHAD

User Hotes

Download
Data Sets

Manual

Consalidated Human Activities Database (CHAD) cantains data obtained from pre-existing human
activity studies that were collected at city, state, and national levels. CHAD is intended to be an input
UG ERRUEDTRIY fi| 2 for exposurefintake dose madeling and/or statistical analysis. CHAD is a master database praviding
access to other human activity databases using a consistent format. This facilitates access and
retrieval of activityfand questionnaire information from those databases that EPA currently has access
Contact Us to-and-uses-in its various regulatary analyses undertaken by program offices.

Access for PC

Recent Additions

Office of Research & Development | Mational Exposure Research Laboratory
Send guestions or commerts to William Engelmann,
Auslkenaotor of Eocacbrane WULAITLSee T o o)
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Modeling Tools:
NCEA EFH websites

= http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=55145
= http://cfpubl.epa.gov/ncea/cfm/recordisplay.cfm?deid=12464

Mational Center for Environmental Assessment - EIMS Record Results - Netscape

. Fille Edit Yiew Go Bookmarks Tool: Window Help

What's New
About NCEA

Topics

Publications
Databases and Tools
Projects

Related Links

Jobs

Comments

Site Map

@0 Q @ Q Q ‘% hitp: #/cfpub. epa. gov/nceadcfmdAecordisplap. cfm?deid=55145 | [Q Search ] tgo

(N

U.S. Environmental Protection Agency

National Center for Environmental Assessment

Recent Addtions | Contact Us | Print Yersion — Sesrch: E

EPA Home = Research & Development = NCEA Home = EMS Record Results

CHILD-SPECIFIC EXPOSURE FACTORS
HANDBOOK (INTERIM REPORT)

Children are often more heavily exposed to environmental toxicants than adults. They consume
mare food and water and have higher inhalation rates per pound of body weight than adults. Young
children play close to the ground and come into contact with contaminated soil outdoors and with
contaminated dust on surfaces and carpets indoors. As another example, exposure to chemicals
in breast milk affects infants and young children.

Although NCEA has published the Exposure Factors Handbook in 1997 (EPAGODP-95/002F a-c),
that include exposure factors and related data on both adults and children, the ERA Program
Offices identified the need to consolidate all children exposure data into one docurnent. The goal of
the Child-Specific Exposure Factors Handbook is to fulfill this need. The document provides a
surnrary of the available and up-to-date statistical data on various factors assessing children
exposures. These factors include drinking water consumption, sail ingestion, inhalation rates,
dermal factors including skin area and soil adherence factors, consurnption of fruits and
vegetables, fish, meats, dairy products, homegrown foods, breast milk, activity patterns, body
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U.S. Environmental Protection Agency
National Center for Environmental Assessment

Recent Addtions | Contact Us | Print Yersion — Sesrch: E
EPA Home = Research & Development = NCEA Home = EMS Record Results

EXPOSURE FACTORS HANDBOOK

The Exposure Factors Handbook provides a summary of the available statistical data on various
factors used in assessing human exposure. This Handbook is addressed to exposure assessors
inside the Agency as well as outside, who need to obtain data on standard factors to calculate
hurman exposure to toxic chemicals. These factors include: drinking water consurnption, soil
ingestion, inhalation rates, dermal factars including skin area and soil adherence factars,
consurnption of fruits and vegetables, fish, meats, dairy products, hormegrown foods, breast milk
intake, human activity factors, consumer product use, and residential characteristics
Recommended walues are for the general population and also for various segments of the
population who may have characteristics different from the general population. NCEA has strived to
include full discussions of the issues that assessors should consider in deciding how to use these
data and recommendations. The document is in final form, but as new data become available
updates will be posted on this home page

Additional Information:

L L OOl : : .

= & A& ©FE) | Document D;;we'[_ﬂ.3é sac:s]I
iaStall”J M\crosof...l [WM\chsol...I (3 Eplarin... I A% Microzof. .”@Natinn,,,

\ Ep
[(BeOH T B TT, e




Questions?

= Contact info

= Janet Burke: burke.janet@epa.gov
919-541-0820

= Stephen Graham: graham.stephen@epa.gov
919-541-4344



